LENTICULAR LENS SHEET AND REAR PROJECTION SCREEN 
RACKGROUN P pT" THE INVENTION 

Field of thet Invention 

The present invention relates to a lenticular lens 
sheet and a rear projection screen suitable for displaying 
images projected thereon by an optical image source. 
Description of t \\^ T^f^laf^d Art 

A known rear projection television system uses an image 
source including three cathode-ray tubes (CRTs), i.e.^ a 
red-image CRT, a green-image CRT and a blue-image CRT, and 
a rear projection screen- A rear projection screen employed 
in such a rear projection television system is formed by 
combining/ for example, a Fresnel lens sheet capable of 
collimating light rays projected thereon in substantially 
parallel light rays, and a lenticular lens sheet capable of 
diffusing light rays to form an optical image. The rear 
projection screen is required to diffuse light rays in a wide 
range and to reduce the effect of external light on an image 
displayed thereon. 

Referring to Fig. 6 showing a lenticular lens sheet 
employed in a conventional rear projection screen by way of 
example, the lenticular lens sheet 40 has entrance lenses 
42, such as lenticular lenses, capable of gathering light 
rays and forming an entrance surface 41, exit lenses 47 formed 
near the focal points of the lenticular lenses 42, 
respectively, and forming an exit surface 44, ridges 48 formed 
between the exit lenses 47, respectively, and light-absorbing 
films (hereinafter referred to also as "black stripes") 49 
formed on the surfaces of the ridges 48, respectively. This 
lenticular lens sheet is capable of diffusing light and of 
reducing the effect of external light. 

A television projector employing an image source of 
cell structure, such as a liquid crystal display (LCD) or 
a digital micromirror device (DMD) , has been developed. Such 
a television projector also uses the foregoing lenticular 
lens sheet provided with the black stripes in view of 
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enhancing its diffusing characteristic and preventing 
external-light reflection. It is effective in improving 
contrast in images displayed on the lenticular lens sheet 
to increase the black stripe ratio, i.e., the ratio of the 
area of the black stripes to the area of the entire exit 
surface of the lenticular lens sheet • 
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^"^^However, further increase in the black strip ratio of 
the forfego^ng conventional rear projection screen is 
difficult, bectttfie three color images are projected by 
separate pro jectorsT^ncJi^s CRTs, and the angles between 
the respective optical axes^ot-tlie projectors are increased 
progressively for the reduction of"^fte^verall thickness of 
the rear projection television system. 

The foregoing lenticular lens sheet is capable of 
diffusing light only in horizontal directions owing to the 
shape of its lenses. Therefore, the lenticular lens sheet 
contains optical diffusing particles (diffusing material) to 
diffuse light in vertical planes* The optical diffusing 
particles diffuse image light rays projected on the 
lenticular lens sheet and external light fallen on the exit 
surface to generate stray light rays in the lenticular lens 
sheet. The stray light rays thus generated deteriorates 
contrast in images- A means for suppressing the 
deterioration of contrast in images tints the entire 
lenticular lens sheet (body tinting), the contrast improving 
effect of which, however, is not necessarily satisfactory, 
considering reduction in transmittance attributable to 
tinting. 



30 SUMMARY OF THK TNVRNTTON 

Accordingly r it is an object of the present invention 
to provide a lenticular lens sheet capable of enhancing 

-contrast in images without reducing - the intensity .of . 

projected optical images by suppressing the reflection of 

35 external light and of reducing the overall thickness of a 
rear projection television system employing the lenticular 
lens sheet, and to provide a rear projection screen employing 



such a lenticular lens sheet. 

According to one aspect of the present invention, a 
lenticular lens sheet having an entrance surface and an exit 
surface comprises: a base part; an entrance lens part forming 
the entrance surface and having an array of a plurality of 
convex lens elements capable of gathering light rays; and 
a light absorbing layer formed in light-nongathering regions 
in the exit surface in which light rays refracted by the convex 
lens elements do not gather; in which a tinted layer is formed 
at least in a portion of the entrance lens part near the 
entrance surface. 

Preferably, the lenticular lens sheet further 
comprises an exit lens part formed on the exit surface and 
having an array of a plurality of lens elements formed 
respectively in light-gathering regions in which light rays 
refracted by the convex lens elements of the entrance lens 
part gather • 

In the lenticular lens sheet, it is preferable that the 
lens elements of the exit lens part are either convex or 
concave toward the exit surface. 

In the lenticular lens sheet, it is preferable that the 
tinted layer contains a light diffusing material. 

In the lenticular lens sheet, it is preferable that the 
tinted layer extends along the light receiving surface of 
the entrance lens part. 

In the lenticular lens sheet, it is preferable that the 
tinted layer has portions having the shape of a wedge or a 
flat plane, and extending from the vertices of the convex 
lens elements into the entrance lens part. 

According to another aspect of the present invention, 
a rear projection screen comprises: a lenticular lens sheet 
having an entrance surface and an exit surface; and a Fresnel 
lens sheet disposed opposite to the entrance surface of the 
lenticular lens sheet facing an optical image source; in which 
the lenticular lens sheet has: a base part; an entrance lens 
part formed on the entrance surface and having an array of 
a plurality of convex lens elements capable of gathering light 




rays; and a light absorbing layer formed in light- 
nongathering regions in the exit surface in which light rays 
refracted by the convex lens elements do not gather; the 
entrance lens part being provided with a tinted layer at least 
in a portion thereof near the entrance surface. 

In the rear projection screen / it is preferable that 
the lenticular lens sheet further comprises an exit lens part 
formed on the exit surface and having an array of a plurality 
of lens elements formed respectively in light-gathering 
regions in which light rays refracted by the convex lens 
elements of the entrance lens part gather. 

Preferably^ the rear projection screen further com- 
prises a front plate disposed opposite to the exit surface 
of the lenticular lens sheet; in which the front plate has 
a tinted layer formed near an entrance surface thereof or 
an exit surface thereof, or the front plate is entirely 
tinted . 

In the rear projection screen , it is preferable that 
the lenticular lens sheet has a tinted layer formed in a 
portion thereof near the exit surface^ 

Preferably, the tinted layer has a thickness not 
smaller than 0.05 times the pitch of the convex lens element 
of the entrance lens part- 

Preferably, the tinted layer has a thickness not 
greater than half the thickness of the lenticular lens sheet. 

Preferably, the tinted layer meets an inequality: t^ 
> t^, where tj is the thickness of a portion of the tinted 
layer corresponding to a central portion of each convex lens 
element and is the thickness of a portion of the same 
corresponding to a peripheral portion of the convex lens 
element as measured along a direction perpendicular to the 
surface of the convex lens element . 

Preferably, the light diffusing material 
concentration of the tinted layer and the light diffusing 
material concentration Cq of the base part meet an inequality: 
0 s Cp < C^, 

Preferably, the tinted layer does not contain any light 



diffusing material r the base part is not tinted or tinted 
in a color density lighter than that of the tinted layer, 
and a light diffusing layer containing a light diffusing 
material is formed between the tinted layer and the base part . 

The convex lens elements of the entrance lens part may 
be lenticular lenses of a shape having a part which makes 
a tangent thereto incline to the surface of the lenticular 
lens sheet at an angle not smaller than the critical angle- 

Preferably, the exit lens part and the front plate are 
provided on its exit surface with at least one of an 
antiref lection layer^ a low-reflection layer , a polarizing 
filter layer, an antistatic layer, a glareproof layer and 
a hard coating layer. 

Preferably, the rear projection screen has a total 
light transmittance in the range of 40% to 70%, 

ttPTFF DKSCRTPTTON OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following description taken in connection with the 
accompanying drawings, in which: 

Fig- 1 is a typical perspective view of a rear 
projection screen employing a lenticular lens sheet in a 
first embodiment according to the present invention; 

Fig. 2 is a fragmentary, enlarged, typical end view of 
the lenticular lens sheet shown in Fig. 1; 

Fig. 3 is a fragmentary, enlarged, typical end view of 
a lenticular lens sheet in a second embodiment according to 
the present invention; 

Fig- 4 is a fragmentary^ enlarged, typical end view of 
a lenticular lens sheet in a third embodiment according to 
the present invention; 

Fig. 5 is a fragmentary, enlarged, typical end view of 
a lenticular lens sheet of a tinted body type in a comparative 
example corresponding to the lenticular lens sheet in the 
first embodiment shown in Fig. 2 of assistance in explaining 
a first function of a tinted layer; 



Fig. 6 is a fragmentary^ enlargedr typical end view of 
a conventional lenticular lens sheet provided with black 
stripes; 

Fig. 7 is a fragmentary, enlarged, typical end view of 
5 assistance in explaining a second function of a tinted layer 
included in the lenticular lens sheet in the first embodiment; 

Fig^ 8 is a fragmentary / enlarged, typical end view of 
a lenticular lens sheet in a comparative example 
corresponding to the first embodiment shown in Fig- 2 of 
10 assistance in explaining the second function of the tinted 
layer; 

Fig. S is a fragmentary r enlarged, typical end view 
of a lenticular lens sheet in a third embodiment according 
to the present invention of assistance in explaining the 
15 second function of the tinted layer; 

Fig. 10 is a fragmentary, enlarged, typical end view 
of assistance in explaining the relation between the angle 
of an entrance lens part included in the lenticular lens sheet 
in the second embodiment to a screen surface, and the incident 
20 angle of external light; 

Fig- 11 is a view of assistance in explaining an optimum 
distribution of the thickness of a tinted layer included in 
the lenticular lens sheet in the first embodiment; 

Fig. 12 is a graph comparatively showing light 
25 diffusing characteristics of a lenticular lens sheet in which 
the thickness of a tinted layer is uniform and the lenticular 
lens sheet in the first embodiment in which the thickness 
of the tinted layer decreases from a portion thereof 
corresponding to the vertex of an entrance convex lens element 
30 toward a portion of the same corresponding to the peripheral 
portion of the entrance convex lens element; 

Figs. 13A, 13B and 13C are fragmentary, enlarged, 
typical end views of lenticular lens sheets in fourth, fifth 
and sixth embodiments according to the present invention, 
35 respectively; 

Figs. 14A and 14B are fragmentary, enlarged, typical 
end views of lenticular lens sheets in seventh and eighth 
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embodiments according to the present invention, respec- 
tively; and 

Figs. ISA to 15D are fragmentary , enlarged, typical end 
views of rear projection screens in other embodiments 
according to the present invention, respectively. 

DESCRIPTIOM OF THK P RFFRPRKD KMRQDTMENTS 

Referring to Fig. 1, a rear projection screen 1 com- 
prises, in combination, a lenticular lens sheet 10 in a first 
embodiment according to the present invention and a Fresnel 
lens sheet 20. The rear projection screen 1 and an optical 
image source, not shown, including three CRTs for projecting 
red, green and blue images on the rear projection screen 1 
constitute a rear projection television system. The Fresnel 
lens sheet 20 may be a sheet or film having an exit surface 
provided with stepped setbacks 21 so as to have the optical 
properties of a lens. The rear projection screen 1 improves 
the uniformity of the brightness of images. 
T.enr,1riila r r.ens Sheet in First Embodiment 

Referring to Fig. 2, the lenticular lens sheet 10 having 
an entrance surface 11 and an exit surface 14 comprises a 
base part 15, an entrance lens part 12 forming the entrance 
surface 11 and having an array of a plurality of entrance 
convex lens elements capable of gathering light rays, an exit 
lens part 17 forming the exit surface 14 and formed near a 
light gathering regions in which light rays refracted by the 
entrance convex lens elements of the entrance lens part 12 
gather, ridges 18 formed in light-nongathering regions on 
the exit surface 14, and a light absorbing layer 19 formed 
on the surfaces of the ridges 18. Light rays refracted by 
the entrance convex lens elements of the entrance lens part 
12 do not gather in the light-nongathering regions. The 
entrance lens part 12 is formed integrally with the base part 
15. The entrance lens part 12 and the base part 15 may 
separately be formed and may be joined together as shown in 
Fig. 3, A tinted layer 13 is formed at least in a part of 
the entrance lens part 12 near the entrance surface 11. The 
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tinted layer 13 has a first function to enhance contrast in 
images displayed on the lenticular lens sheet 10, and a second 
function to suppress the generation of stray light rays* 
Those functions of the tinted layer 13 will be described 
later. 

T.entigular T.<>ns Sheet in Second Embodiment 

Referring to Fig. 3^ a lenticular lens sheet lOA in a 
second embodiment according to the present invention has an 
entrance surface 11 and an exit surface 14, and comprises 
a base part 15, an entrance lens part 12 having an array of 
a plurality of entrance convex lens elements capable of 
gathering light rays^ and a light absorbing layer 19 formed 
in light-nongathering regions on the exit surface 14. Light 
rays refracted by the entrance convex lens elements of the 
entrance lens part 12 do not gather in the light-nongathering 
regions. The entrance lens part 12 and the base part 15 are 
formed separately and joined together. The entrance lens 
part 12 may be formed integrally with the base part 15. A 
tinted layer 13 is formed at least in a part of the entrance 
lens part 12 near the entrance surface 11- The tinted layer 
13 has a first function to enhance contrast in images 
displayed on the lenticular lens sheet 10, and a second 
function to suppress the generation of stray light ray. 
Those functions of the tinted layer 13 will be described 
later. 

Lenticular Lena Shf>et in Third Kmhodiment 

Referring to Fig. 4, a lenticular lens sheet lOB in a 
third embodiment according to the present invention is 
substantially similar in construction to the lenticular lens 
sheet 10 shown in Fig, 2, except that the lenticular lens 
sheet lOB in the third embodiment has an exit lens part 17B 
provided with exit concave lens elements. Since the exit 
lens part 17B provided with the exit concave lens elements 
is incapable of converging angle correcting function, the 
lenticular lens sheet lOB is applied to a projection system 
having a single image projecting device, such as an LCD- 
Generally, it is difficult to increase the black stripe ratio 



to increase diffusion angle and plate thickness in such a 
case. Therefore, in the lenticular lens sheet lOB in the 
third embodiment, the tinted layer 13 is formed along the 
surface of the entrance lens part 12 to prevent the 
deterioration of contrast in images due to external light. 
The tinted layer 13 has a first function to prevent the 
deterioration of contrast in images displayed on the 
lenticular lens sheet lOB, and a second function to suppress 
the generation of stray light rays- Those functions of the 
tinted layer 13 will be described below. 
First Function of Tinted La ver 

In the lenticular lens sheets 10, lOA and lOB shown in 
Figs. 2 , 3 and 4, the first function of the tinted layer 
13 removes external light efficiently and improves contrast 
in images . 

As shown in Fig. 6, the conventional lenticular lens 
sheet 40 absorbs about half the amount of external light E 
fallen perpendicularly on the exit surface 44 by the black 
stripes 49. Light rays penetrated the exit lens elements of 
the exit lens part 47 travel through the lenticular lens sheet 
40 and go out of the lenticular lens sheet 40 without 
undergoing total reflection. Therefore, the external light 
E has not been thought to be a cause to deteriorate contrast 
in images . 

However, the ambient light falls on the exit surface 
of the lenticular lens sheet from all directions including 
oblique directions. External light rays B fallen obliquely 
on the exit surface of the lenticular lens sheet as shown 
in Figs , 2 to 4 undergo total reflection in the entrance lens 
part 12 and travel out of the lenticular lens sheet through 
the adjacent exit lens elements of the exit lens part 17 in 
outgoing light rays Bl and B2. As shown in Figs 2 to 4, light 
rays fallen on the entrance lens part 12 at angles of incidence 
greater than the critical angle go out of the lenticular lens 
sheet after undergoing total reflection several times (two 
or three times) in the entrance lens part 12. Therefore, the 
contrast deteriorating effect of external light can effi- 
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ciently be eliminated by the tinted layers 13 formed on the 
surfaces of the entrance lens parts 12 forming the entrance 
surfaces 11 of the lenticular lens sheets 10, lOA and lOB 
shown in Figs. 2 to 4, respectively. 

The capability of the lenticular lens sheets 10, lOA 
and lOB in displaying images in satisfactory contrast will 
be described in comparison with that of a lenticular lens 
sheet 60 of a tinted body type shown in Fig. 5. 

The lenticular lens sheet 60 shown in Fig- 5 is a double 
sided lenticular lens sheet having a tinted body part 65. 
External light rays D fallen on the lenticular lens sheet 
60 from a viewing side travel through the body part 65 and 
undergo total reflection in an entrance lens part 62 forming 
an entrance surface 61. The external light rays Dl and D2 
15 thus reflected travel out of the lenticular lens sheet 60 
through the exit lens part 67 toward the viewer. The external 
light rays D are reflected repeatedly by the entrance convex 
lens elements of the entrance lens part 62. 

Each of the lenticular lens sheets 10, lOA and lOB 
20 embodying the present invention and shown in Figs. 2 to 4 
is provided with the tinted layer 13 extending along the paths 
of the external light rays B reflected repeatedly in a total 
reflection mode in the entrance convex lens elements of the 
entrance lens part 12. Therefore the optical path length of 
25 the external light rays B in the tinted layer 13 is five to 
ten times greater than that of image light rays in the tinted 
layer 13, whereas the ratio of the optical path length of 
the external light rays D in the lenticular lens sheet 60 
of a tinted body type to that of the image light rays in the 
30 same is about two to about three. Therefore, the lenticular 
lens sheets 10, lOA and lOB embodying the present invention 
shown in Figs. 2 to 4 is capable of attenuating the external 
light rays B to reduce suppress the adverse effect of the 
reflected external light rays B without significantly 
35 reducing the intensity of the image light rays, 

fH^r.nni^ rnnrt jo^ r.f Tinted Laver 

The second function of the tinted layer 13 of each of 



the lenticular lens sheets 10, lOA and lOB embodying the 
present invention shown in Figs . 2 to 4 is to eliminate stray 
light rays eff ctively. The second function is inore 
effective when (1) the lenticular lens sheet has an exit lens 
part, and (2) the focal point of the entrance convex lens 
elements of the entrance lens part lie substantially on the 
exit surface. 

Referring to Fig. 8, when image light rays C falls on 
a conventional lenticular lens sheet 60 provided with black 
stripes, image light rays C2 equal to about 4% of the incident 
image light rays C is reflected by the entrance lens part 
62 and image light rays Cl penetrate into the lenticular lens 
sheet 60. Image light rays C4 equal to about 4% of the image 
light rays Cl are reflected by the exit lens part, and image 
light rays C3 travels out of the lenticular lens sheet 60. 
The reflected light rays C4 are reflected several times in 
the lenticular lens sheet 60 in stray light rays C5 and C6 
and travels out of the lenticular lens sheet 60 in light rays 
C7, which reduces contrast in images - 

The second function of the tinted layer 13 of the 
lenticular lens sheet 10 in the first embodiment shovm in 
Fig. 2 will be described with reference to Fig- 7. 

Image light rays A fall on the tinted layer 13 at an 
incident angle 8 of 10*. Generally, red (R) and blue (B) image 
light rays fall on the lenticular lens sheet at incident 
angles nearly equal to 10*". As shown in Fig, 7, the image 
light rays A are gathered by the entrance lens element 12-1 
of the entrance lens part 12 on an inclined region of the 
exit lens element 17-1 of the exit lens part 17 in image light 
rays Al . Part of the image light rays Al reflected by the 
exit lens element 17-1 in image light rays A4 toward the 
adjacent entrance convex lens element 12-2. The image light 
rays A4 undergo total reflection several times in image light 
rays A5 and A6, and the image light rays A6 travels out of 
the lenticular lens sheet 10 through the next exit lens 
element 17-3 in image light rays A7. Therefore, stray light 
rays can more effectively be eliminated by forming the tinted 
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layer 13 along the surface of the entrance lens part 12 than 
by tinting the entire lenticular lens sheet as shown in Fig. 
8. 

Incidentally, image light rays that fall perpendicu- 
larly on the vertex of the entrance convex lens element of 
the entrance lens part 12, such as green (G) image light rays, 
are gathered by the entrance convex lens element of the 
entrance lens part 12 on the vertex of the exit lens element 
of the exit lens part 17. Therefore, the image light rays 
reflected by the exit lens element of the exit lens part travel 
reverse and goes out of the lenticular lens sheet 10 through 
the entrance convex lens element through which the image light 
rays penetrated into the lenticular lens sheet 10. 

The second function of the tinted layer 13 of the 
lenticular lens sheet 1GB in the third embodiment shovm in 
Fig- 4 will be described hereinafter with reference to Fig. 
9. The lenticular lens sheet lOB has the exit lens part 17B 
provided with the concave exit lens elements . Since the exit 
lens part 17B of the lenticular lens sheet lOB is unable to 
exercise a color correcting effect, the lenticular lens sheet 
lOB is applied to a rear projection television system using 
a single image light source, such as an LCD or a DLP(Digital 
Light Processing) - 

Referring to Fig. 9, image light rays F fall on the 
lenticular lens sheet lOB perpendicularly to the entrance 
surface 11. In the lenticular lens sheet 1 OB , the focal point 
of the entrance convex lens element 12-1 lies on the inner 
side of the exit lens element 17B-1 . Therefore, the image 
light rays F fallen on a left inclined region, as viewed in 
Fig. 9, of the entrance convex lens element 12-1 of the 
entrance lens part 12 go out of the lenticular lens sheet 
lOB through an inclined region of the corresponding exit lens 
element 17B-1 in image light rays F3. Part of image light 
rays Fl penetrated into the lenticular lens sheet lOB equal 
to about 4% of the image light rays Fl are reflected by the 
exit lens element 17B-1 in image light rays F4 toward the 
adjacent entrance convex lens element 12-2. The reflected 
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image light rays F4 are reflected repeatedly in a total 
reflection mode by the entrance convex lens element 12-2 in 
image light rays F5, F6 and F7^ and go out of the lenticular 
lens sheet lOB through the next exit lens element 17B-3 in 
image light rays F8, 

As shown in Fig- 9, stray light rays can more effec- 
tively be eliminated by forming the tinted layer 13 along 
the surface of the entrance lens part 12 than by tinting the 
entire lenticular lens sheet. 

AS apparent from the foregoing description^ the 
entrance lens parts 12 forming the respective entrance 
surfaces 11 of the lenticular lens sheets 10, lOA and lOB 
embodying the present invention shown in Figs. 2 to 4 are 
capable of efficiently absorbing the external light rays B 
reflected therein in a total reflection mode. The external 
light rays B fallen at an incident angle 6 on the exit surface 
14 are reflected in a total reflection mode by the entrance 
lens part 12 toward the exit surface 14 and deteriorate 
contrast in images . The external light rays B can be absorbed 
by the tinted layer 13 formed along the lens surface of the 
entrance lens part 12 when the external light rays are 
reflected twice or more times. The external light ray 
absorbing effect of the tinted layer 13 is merely equivalent 
to that of the lenticular lens sheet of a tinted body type 
if the external light rays B are reflected only once in the 
lenticular lens sheets 

The angle of a portion of the entrance convex lens 
element of the entrance lens part 12 to the entrance surface 
11 inclined at the greatest inclination must be greater than 
an angle that makes the portion of the entrance lens element 
of the entrance lens part 12 reflect light rays in a total 
reflection mode in a direction parallel to the light absorbing 
layer 19 surface 11 to reflect the external light rays B at 
least twice. 

Fig. 10 illustrates conditions for reflecting the 
external light rays B at least twice by the single entrance 
convex lens element of the entrance lens part 12. The 



conditions are expressed by: 

^ = {n/4) - arcsint(sin e)/n] 
where n is the refractive index of the material forming the 

lenticular lens sheet lOA, <j> is the angle of a tangent line 
to the entrance convex lens element of the entrance lens part 
12 at a point where the external light rays B fall to a line 
parallel to the entrance surface 11, and 6 is the incident 
angle of the external light rays B incident on the exit surface 
14. 

If the angle <|i is not smaller than an angle = (ji/4 ) 
- arcsin((sin 90'')/n] = (jr/4) - arcsin (1/n), the effect of 
the present invention is available. 

A method of forming the tinted layer 13 of each of the 
lenticular lens sheets 10, lOA and lOB embodying the present 
invention, the color, the color density, the size and the 
thickness of the tinted layer 13 will be explained 
hereinafter. 

Method of Forming Tintied Layer 

The tinted layer 13 can be formed by mixing or 
dispersing a dye or fine particles of a pigment in a resin 
for forming each of the lenticular lens sheets 10, lOA and 
lOB. 

Color of Tint:ed T.ayer 

The tinted layer 13 may be tinted an achromatic color , 
such as gray, or a color capable of selectively absorbing 
or transmitting specific colors for controlling the balance 
of the three primary colors (red, green and blue). 
Color Densitiy of Tinted Layer 

The color density of the tinted layer 13 is higher than 
those of a portion of the lenticular lenB sheet other than 
the tinted layer 13, i.e-, the base part 15, and portions 
of the entrance convex lens elements of the entrance lens 
part 12 other than the tinted layer 13 , It is preferable that 
the respective color densities of the base part 15 and 
portions of the entrance convex lens elements of the entrance 
lens part 12 other than the tinted layer 13 are naught or 
are limited to a very low value to suppress the adverse effect 
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of the external light rays without significantly reducing 
the transmit tance to the image light rays projected by the 
image light source. — ^ 

More concretely/ it is preferable that the tinted layer 
13 is cblored in a color density such that the transmittance 
of each oi\the lenticular lens sheets 10, lOA and lOB is in 
the range ofMO% to 70%. Whereas the transmittance to the 
image light ra^s increases, the intensity of the external 
light rays reflec^d in a total reflection mode by the 
entrance lens part izstoward the exit surface 14 increase 
to deteriorate contract aXJjnages if the tinted layer 13 is 
tinted in a low color density, such that the transmittance 
of the lenticular lens sheet is greater than 70%. The 
transmittance to the image light jsays decreases and the 
relative intensity of the external ligh^ rays reflected by 
the exit lens part 17 increases to deteritoate contrast in 
images if the tinted layer 13 is tinted in a highscolor density 
such that the transmittance of the lenticular leKs sheet is 
smaller than 40%. ^ 

Table 1 shows the relation between the transmittance 
of the lenticular lens sheet 10 in the first embodiment shown 
in Fig. 2 and contrast in images . Test lenticular lens sheets 
similar in construction to the lenticular lens sheet 10 shown 
in Fig, 2 and respectively having tinted layers 13 of 
different color densities were made, and the transmittance 
and the reflectance of the test lenticular lens sheets were 
measured by a haze meter (HR-100 available from Murakami 
ShiJcisai Gijutsu Kenkyu-sho), in which the incident angle 
of image light rays was 45°. Measured values of the 
transmittance, the reflectance and the transmit- 
tance/reflectance ratio are tabulated in Table 1. 



Table 1 



Transmittance ( % ) 


45 


53 


61 


68 


76 


Reflectance ( % ) 


5.0 


5.4 


5.6 


5.8 


8.5 


Transmit- 
tance/Reflectance 


9.0 


9.B 


10.9 


11.7 


8.9 




As obvious from Table 1, the transmittance of the 
lenticular lens sheet 10 increases as the color density of 
the tinted layer 13 decreases. The reflectance increases 
sharply after the transmittance increases beyond 70%^ which 
is considered to be due to the incapability of the tinted 
layer 13 of an excessively low color density in properly 
absorbing the external light rays. 

The lenticular lens sheet 10 do not absorb external 
light rays reflected by the exit surface 14 on the viewing 
side. Therefore, the transmittance/reflectance ratio de- 
creases as the color density increases to decrease the 
transmittance. Accordingly , it is preferable to tint the 
tinted layer 13 in a color density such that the transmittance 
is in the range of 40% to 70%. 

When the transmission LCD is used as an image light 
source, the reduction of the transmittance is limited because 
the output capacity of the transmission LCD is not very large. 
Therefore, it is preferable that the tinted layer 13 is tinted 
in a color density such that the transmittance is in the range 
of 45% to 60%. 
ciTTtfi of Tinted Layer 

The thickness of the tinted layer 13 is not less than 
0.05 times the pitch of the entrance convex lens elements 
of the entrance lens part 12, more preferably, in the range 
of 0.05 to 1.0 times the pitches of the entrance convex lens 
elements of the entrance lens part 12. Preferably, the 
thickness of the tinted layer 13 is not greater than half 
the thickness of the lenticular lens sheets 10, lOA and lOB. 
Those conditions are suitable for forming the tinted layer 
13 so as to include most part of the paths of the reflected 
external light rays. 

Preferably, the thickness tj of a portion of the tinted 
layer 13 corresponding to a peripheral portion of the convex 
lens element of the entrance lens part 12 is smaller than 
the thickness tj of a portion of the same corresponding to 
a central portion of the convex lens element (ti > tj) in Fig. 
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11. If the tinted layer 13 is formed in a uniform thickness, 
the length of image light rays incident on a peripheral 
portion 12b of the entrance convex lens element of the 
entrance lens part 12 is greater than that of the optical 
path of image light rays incident on the vertex 12a of the 
entrance convex lens element of the entrance lens part 12 . 
Consequently, the image light rays incident on the peripheral 
portion 12b are absorbed more greatly than those incident 
on the vertex 12a, and the intensity of image light rays 
diffused in the range of a diffusion angle in the range of 

30° to 40° is reduced. 

Fig- 12 is a grapn conip«iJL<4«-xve;j.;f s«w«a.n^ *^gi.w 
dif fusing characteristics of a lenticular lens sheet in which 
the thickness of the tinted layer of the lenticular lens sheet 
is uniform and the lenticular lens sheet 10 in the first 
embodiment in which the thickness of the tinted layer de- 
creases from a portion thereof corresponding to the vertex 
of an entrance convex lens element toward a portion thereof 
corresponding to the peripheral portion of the entrance 
convex lens element. In the lenticular lens sheet 10, the 
thickness of a portion of the tinted layer 13 corresponding 
to the peripheral portion of the entrance convex lens element 
is smaller than that of a portion of the same corresponding 
to the vertex of the entrance convex lens element . Therefore, 
the reduction of the intensity of the outgoing image light 
rays diffused in a range of a diffusion angle in the range 

of 30° to 40° can be suppressed. 

Preferably, the thickness of the tinted layer 13 is 
determined according to the optical path length of the image 
light rays to achieve a desired design light diffusing 
characteristic - 

nHriit-ion nf niffuaing Mat erial fo Tinned Laver 

Preferably, the tinted layer 13 contains a light 
diffusing material, such as glass beads or an organic 
crosslinked polymer. The light diffusing material concen- 
tration of the resin forming the lenticular lens sheets 10, 
lOA and lOB is on the order of 8% by weight. The light 



diffusing material has a function to diffuse the image light 
rays projected by the image light source in vertical planes. 

The light diffusing material may be dispersed not only 
in the tinted layer 13 but may also be dispersed in the baser 
part 15- It is preferable that the light diffusing material 
concentration of the base part 15 is small because the 
external light rays are diffused before reaching the tinted 
layer 13 by the base part 15 and reflected toward the exit 
surface if the light diffusing material concentration of the 
base part 15 is large. Preferably, the light diffusing 
material concentration of the tinted layer and the light 
diffusing material concentration of the base part 15 meet 

an inequality: 0 s Co < C^. 

In each of the lenticular lens sheets 10, lOA and lOB 
embodying the present invention and shown in Figs. 2 to 4, 
the surface of the exit lens part 17 forming the exit surface 
14 (the surface near light-gathering regions in the case of 
the lenticular lens sheet lOA shown in Fig. 3) is either a 
smooth surface or a matte surface. If the surface of the exit 
lens part 17 is a smooth surface, images displayed on the 
lenticular lens sheet gives a clear sensation, any 
transparent flat panel need not be disposed in front of the 
rear projection screen, and images can be displayed in a 
satisfactory picture quality because images are not spoiled 
by the reflection of matters reflected by the entrance surface 
11 on the flat panel. When the surface of the exit lens part 
17 forming the exit surface 14 (the surface near light- 
gathering regions in the case of the lenticular lens sheet 
lOA shown in Fig. 3 ) is a smooth surface, an antiref lection 
layer, a low-reflection layer and/or a polarizing filter 
layer may be formed on the surface of the exit lens part 17 
(the surface near light-gathering regions in the lenticular 
lens sheet lOA shown in Fig. 3) to enhance contrast in images. 
A hard coating layer, an antiglare layer and/or an antistatic 
layer may be formed on the surface of the exit lens part 17- 

When the surface of the exit lens part 17 (the surface 
near light-gathering regions in the case of the lenticular 
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lens sheet lOA shown in Fig. 3) is a matte surface, the matte 
surface has an antiglare characteristic and any reflection 
of matters is not formed on the matte surface. 
Method Qf Manufac turing L^ntirtilar Lens Sheet 

Each of the lenticular lens sheets embodying the 
present invention and shovm in Figs. 2 to 4 is manufactured 
by using an entrance surface molding roll having a side 
surface of a shape complementary to the shape of the entrance 
surface 11 including the entrance lens part 12, and an exit 
surface molding roll having a side surface of a shape 
complementary to the shape of the exit surface 14 including 
the exit lens part 17 and the ridges 18 . The entrance surface 
molding roll and the exit surface molding roller are disposed 
with their axes extended in parallel to each other- The 
lenticular lens sheet is manufactured by extruding a sheet 
of a tinted resin and a sheet of a transparent or lightly 
tinted resin tinted in a color density smaller than that of 
the tinted resin (may contain a light diffusing material) 
so that the sheet of the tinted resin is in contact with the 
entrance surf ace molding roll and the sheet of the transparent 
or lightly tinted resin is in contact with the exit surface 
molding roll. The lenticular lens sheet may be formed by 
extruding a sheet of a resin between the entrance surface 
molding roll and the exit surface molding roll, and by feeding 
a tinted film along the circumference of the entrance surface 
molding roll so that the tinted film is laminated to the sheet 
of the resin. The entrance lens part 12 of the lenticular 
lens sheet of the present invention may be formed of an 
ultraviolet curable resin on the base part 15. 
T.enticiilar Lens .Shtgc^ts in Other Embodiments 

Figs, 13A, 13B and 13C show lenticular lens sheets IOC, 
lOD and lOE in fourth, fifth and sixth embodiments according 
to the present invention, respectively. Each of the 
lenticular lens sheets IOC, lOD and lOE has an entrance lens 
part 12 formed of a tinted ultraviolet curable resin on a 
base part 50 ♦ 

The lenticular lens sheet IOC shown in Fig- 13A is 



formed by forming an entrance lens part 12 of a tinted 
ultraviolet curable resin on the entrance surface of a base 
part 50, and forming the exit lens part 17, ridges 18 and 
a light absorbing layer 19 on the exit surface of the base 
part 50. If the lenticular lens sheet IOC is to be used in 
combination with a single image light source, such as an LCD 
not requiring a converging angle correcting function, the 
exit lens part 17 may be provided with concave exit lens 
elements 17B as shown in Fig. 4. 

The lenticular lens lOD shown in Fig. 13B is formed by 
forming an entrance lens part 12 on the entrance surface of 
a base part 50, forming a tinted layer 13 of a tinted 
ultraviolet curable resin along the surface of the entrance 
lens part 12, and forming a light absorbing layer 19 on the 
exit surface of the base part 50. 

The lenticular lens lOE shown in Fig. 13C is formed by 
forming an entrance lens part 12 of a tinted ultraviolet 
curable resin on the entrance surface of a base part 50, and 
forming a light absorbing layer 19 on the exit surface of 
the base part 50. 

Figs. 14A and 14B show lenticular lens sheets lOF and 
lOG in seventh and eighth embodiments according to the present 
invention, respectively. The lenticular lens sheets lOF and 
lOG have entrance lens parts 12 including entrance convex 
lens elements provided in portions around vertices thereof 
with tinted layers 13F and 13G, respectively. 

The tinted layers 13F of the lenticular lens sheet lOF 
shown in Fig. 14A has the shape of a wedge. 

The entrance lens part 12 of the lenticular lens sheet 
lOG shown in Fig. 14B includes entrance convex lens elements 
provided in middle portions including the vertices thereof 
with the tinted layers 13G, respectively. The tinted layers 
13G are flat. 
Rear Projection Screens 

Figs. 15A to 15D show rear projection screens lA, IB, 
IC and ID in other embodiments according to the present 
invention, respectively. Each of the rear projection 
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screens lA, IB, IC and ID employs the lenticular lens sheet 
10, lOH, and a front panel 30A, 30B, 30C and 300 disposed 
on the exit side of the lenticular lens sheet 10. 



tost lenticular lens sheets are formed of a material 
containi^a light diffusing material to provide the 
lenticular^i^s sheets with a vertical diffusion 
characteristic^\^rt of image light rays is diffused in 
stray light rays anSssthe stray light rays goes out of the 
lenticular lens sheet t^ixqugh exit lens elements other than 
intended ones, in the lentxfc^lar lens sheet 10 shown in Fig. 
2, some of the external light B incident on the exit 

lens part 17 goes out of the lenticul>^ lens sheet 10 through 
the entrance lens part 12 without bein^ef lected in a total 
reflection mode by the entrance lens pa^ 12 . 



,va.v^i. ^.^^^ s 

In those embodiments, a tinted layer i^ormed on the 
exit side of a lenticular lens sheet formed of a resin 
containing a light diffusing material to prevent the 
deterioration of contrast attributable to the light diffusing 
material . 

The rear projection screen lA shown in Fig. 15A is 
formed by disposing a front panel 30A in front of the 
lenticular lens sheet 10. The front panel 30A is formed 
entirely of a tinted base part 31A. 

The rear projection screen IB shown in Fig. 15B is 
formed by disposing a front panel 30B in front of the 
lenticular lens sheet 10. The front panel 30D comprises a 
transparent base part 31B and a tinted layer 32B formed on 
the exit surface of the base part 31B- 

The rear projection screen IC shown in Fig. 15C is 
formed by disposing a front panel 30C in front of the 
lenticular lens sheet 10. The front panel 30C comprises a 
transparent base part 31C and a tinted layer 32C formed on 
the entrance surface of the base part 31C. 

The rear projection screen ID shown in Fig. 15D has a 
lenticular lens sheet lOH similar in construction to the 
lenticular lens sheet 10 and provided with a tinted exit lens 
part 13H forming an exit surface 14. The rear projection 



22 



screen ID is constructed by disposing a front panel 30D formed 
entirely of a transparent base part 31D in front of the 
lenticular lens sheet lOH- The front panels BOA, 30B, 30C 
and 30D may be provided with functional layers, such as an 
antiref lection layer, a low-reflection layer, a polarizing 
filter layer, an antistatic layer, a glareproof layer and/or 

hard coating layer. 

The present invention is not limited in practical 
application to the preferred embodiments specifically de- 
scribed above- 

For example, the entrance lens part may be provided with 
a 'fly-eye lens sheet' capable of diffusing light in vertical 
planes instead of the lenticular lens elements. 

The front panel may be provided with, for example, 
tinted lenticular lenses for vertical diffusion on its 
entrance surface- Since the lenticular lenses reflect 
unnecessary light rays, such as external light rays and stray 
light rays. In a total reflection mode, the formation of the 
tinted lenticular lenses on the entrance surface is more 
effective than uniformly tinting the front panel in 
displaying images in satisfactory contrast. 

Rvatnpl PS 



Lenticular lens sheets with black stripes in Example, 
Com|»a^tive examples 1 and 2 were made. The lenticular lens 
sheets wei^imilar in construction to the lenticular lens 
sheet 10 showK^ji Fig. 2- In each of the lenticular lens 
sheets in Example^Xomparative examples 1 and 2, the pitch 
of the lenticular lens^s^f the entrance lens part was 0-72 
mm, the distance between thfes^t ranee lens part and the exit 
lens part was 0.87 ram, the lenta^sqlar lenses of the entrance 
and the exit lens part were convex^S^^ticular lenses, and 
the black strip ratio was 50%. The lentifcular lens sheet in 
Example was provided with a tinted layer C)<^. 14 ram in 
thickness . The lenticular lens sheet in ComparataVfi example 
1 was provided with a lightly tinted layer, and the lent«3^ular 
lens sheet in Comparative example 2 was not provided Vj^ 
any tinted layer. The properties of the lenticular lens 
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ahe^tra--4tf ere measure d. Measured results are tabulated in 
Table 2. - =^ — 
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Example 


Comp. 
Ex- 1 


Comp. 
EX- 2 


Transmittance (%) 


68 


76 


67 


Reflectance (%) 


6.8 


8.5 


7.0 


Transmittance/ 
Reflectance 


11.7 


8.9 


9.5 


Contrast 


56 


49 


53 


Bright room 
luminance (TV-OFF) 


0° 


5.7 


5.8 


5.7 


40* 


5,7 


6.9 


6.3 



Transmittance and reflectance were measured by the haze 
meter (HR-100 available from Murakami Shikisai Gijutsu 
Kenkyu-sho), Contrast was measured by displaying a roono- 

0 chromatic pattern on a rear projection screen formed by 
combining the lenticular lens sheet and a Fresnel lens sheet 
and incorporated into a rear projection television system. 
Contrast is expressed by luminance ratio, i.e., the ratio 
of the luminance of a white part of the monochromatic pattern 

5 to that of a black part in the central region of the rear 
projection screen- In the monochromatic patterns displayed 
on the rear projection screens employing the lenticular lens 
sheets in Comparative examples 1 and 2, the luminance of the 
black part is high and the luminance ratio is relatively 

0 small . 

Bright room luminance (TV-OFF) is the luminance of a 
central region of the rear projection screen measured from 
directions at 0"* and 4 0° to the rear projection screen in a 
bright room with the illuminating fluorescent lamps of the 

5 room turned on and the television projector disconnected from 
the power source. Since the television projector is 
disconnected from the power source, the bright room luminance 
is a measurement of the intensity of ambient light reflected 
from the rear projection screen. The lenticular lens sheets 

0 in Example and Comparative examples 1 and 2 are scarcely 
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different from each other in the reflection of the ambient 
light in the 0°-direction. The reflection of the ambient 
light in the 4 0*-direction by the rear projection screen 
provided with the lenticular lens sheet in Example is smaller 
than that by the rear projection screens respectively 
provided with the lenticular lens sheets in Comparative 
examples 1 and 2. 

As apparent from the foregoing description, according 
to the present invention, the reflection of external light 
can be suppressed without causing the significant reduction 
of the intensity of image light rays, images can be displayed 
in high contrast, and the rear projection television system 
employing the lenticular lens sheet of the present invention 
can be formed in a small thickness. 

Although the invention has been described in its 
preferred embodiments with a certain degree of particularity, 
obviously many changes and variations are possible therein. 
It is therefore to be understood that the present invention 
may be practiced otherwise than as specifically described 
herein without departing from the scope and spirit thereof. 



